Abstract: The scent-station survey method has been widely used to estimate trends in carnivore abundance. However, statistical properties of scent-station data are poorly understood, and the relation between scentstation indices and carnivore abundance has not been adequately evaluated. We assessed properties of scentstation indices by analyzing data collected in Minnesota during 1986-93. Visits to stations separated by <2 km were correlated for all species because individual carnivores sometimes visited several stations in succession. Thus, visits to stations had an intractable statistical distribution. Dichotomizing results for lines of 10 stations (0 or ?1 visits) produced binomially distributed data that were robust to multiple visits by individuals. We 
Estimates of animal abundance are among the most important information needs of wildlife managers and researchers. Subjective estimates as simple as "common" or "scarce" sometimes suffice, but more objective measures are often needed. Unfortunately, secretive habits of most carnivore species and the low density of most carnivore populations preclude accurate, precise, and inexpensive estimation of population size. Hence, indices of relative abundance often substitute (see species accounts in Novak et al. 1987) .
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METHODS

Minnesota Scent-Station Survey
We obtained field data collected annually in Minnesota during 1986-93. A scent station consisted of a 0.9-m-diameter circle of smoothed earth with a fatty-acid scent tablet placed at the center (Linhart and Knowlton 1975) . Scent stations were placed along unpaved roads at intervals of 480 m; 10 stations constituted a line. Placement of lines was nonrandom, but 441 lines were distributed throughout the state (Fig.  1) . Minimum spacing between lines was 5 km. Most lines were operated for 1 night each year between late August and mid-October, although some could not be operated every year. Presence or absence of tracks was recorded for individual species when stations were checked the day after activation. Methods were generally consistent with those described by Linhart and Knowlton (1975) as modified by Roughton and Sweeny (1982) .
We report results for gray wolves (Canis lupus), coyotes (C. latrans), red foxes (Vulpes vulpes), skunks (mostly Mephitis mephitis, but also Spilogale putorius), raccoons (Procyon lotor), and bobcats (Felis rufus). These species have been monitored elsewhere with scent stations and embody diverse physical and behavioral adaptations that may affect the usefulness of scent-station surveys. Where possible, we present P-values to enable readers to judge statistical significance for themselves; where unavoidable, we infer significance from P < 0.05. Many biologists, however, consider the conse-quences of Type II errors more serious than those of Type I errors when testing for population trend and are thus willing to accept Type I error rates much greater than P = 0.05 (up to P = 0.20 for scent-station data; Zielinski and Stauffer 1996).
We analyzed 2 indices: (1) the proportion of stations (station index), and (2) the proportion of lines (line index) within a biogeographic section (section; Fig. 1 ) at which a species was detected. For some goodness-of-fit tests, data were grouped by county within section (when section boundaries subdivided counties, each portion was treated separately). When calculating annual means for the entire state, we corrected for nonrandom sampling by weighting results for each section in proportion to its area. Because of the limited geographic extent and small sample size of the South Superior section, results were combined with those of the West Superior section. Visitation rates were estimated 2 ways: (1) from the entire dataset, and (2) with the geographic extent of surveys restricted to sections where species were detected at least once.
For each species, we used linear regression to compare the rank order of index values with the temporal ordering of surveys and thereby determine whether index values exhibited sustained increasing or decreasing trends. We included section, year, and their interaction in regression models and tested statewide trends when interactions were nonsignificant. We tested trends separately for each section when interactions were detected. We also plotted indices against time to check for evidence of nonmonotonic trends with management significance.
The (Rossi et al. 1992 ) to examine spatial correlations among visits to scent stations. We excluded data collected during 1992-93 from this analysis because they were provided in a format that did not distinguish the position of stations within lines. We also excluded lines receiving <2 visits in a year because they did not provide information about spatial relations among multiple visits. We used remaining data to plot average squared differences between results (1 = visit, 0 = no visit) for stations within lines and years against 480-m separation intervals ranging from 480 to 4,320 m. Because average squared differences are larger when data are independent than when they are positively spatially correlated, trends in variograms provided visual evidence if correlations were related to the distance between stations (Rossi et al. 1992 ).
Reevaluations of Validation Experiments
We 
RESULTS
Minnesota Scent-Station Survey
Neither wolves nor bobcats were reported in the Driftless or Glaciated Plain sections. Bobcats were not reported in the Red River section. Other species were reported in all sections. Deleting sections where species were not reported did not affect conclusions drawn from analyses. Results are therefore based on visitation rates estimated from the entire dataset. We obtained qualitatively similar results for station and line indices (Fig. 2) . However, conclusions of statistical tests performed at conventional significance levels (P = 0.05) would have differed.
Our regression analysis resulted in estimates of trend (increasing or decreasing) and associated P-values that readers should use to judge statistical significance for themselves. Weighted statewide station indices increased from 1986 to 1993 for wolves (F1,6 = 37.56, P < 0.001), coyotes (F1,6 = 13.64, P = 0.01), red foxes (F1,6 = 11.41, P = 0.01), raccoons (F1,6 = 37.56, P < 0.001), and bobcats (F1,6 = 4.23, P = 0.09), but declined for skunks (F1,6 = 2.27, P = 0.18). However, these statewide analyses obscured differences in section trends for coyotes (F8,54= 2.18, P = 0.04) and raccoons (F854= 2.35, P = 0.03), but not other species (P > 0.13) that would have been significant at conventional probability levels (P = 0.05). Station indices for coyotes declined in the West Superior and Peatland sections but increased elsewhere (Table 1) For all species except raccoons, line indices were lower and multiple visits per line more frequent than expected (P < 0.001) if visits to stations occurred independently at a constant rate (Table 2) . Thus, for most species, the binomial distribution was not an appropriate model for visits to stations. For most species, average squared differences between results for stations increased with the distance between stations until stations were separated by 2.0-2.5 km, but they seemed to decrease again at distances >3,000 m (Fig. 3) (Fig. 4) . Logistic analysis detected a density-related difference in overall visitation at P s 0.05 in only 12.6% of 10,000 trials (Fig. 5) .
Abundance explained 73% of variation in inverse visitation rates of bobcats on Cumberland Island (F1l12 = 32.52, P < 0.001). However, within time periods, visitation rates did not increase with population size (Fig. 6) . A model that adjusted for differences between time periods explained 79% of variation in inverse visitation rates (F1 12 = 45.69, P < 0.001), left no 
statistical evidence for an additional effect of abundance (F1,11 = 0.39, P = 0.55), and produced normally distributed, homoscedastic, independent residuals. Moreover, we found nearly significant differences between time periods that could not be explained by changes in abundance (F1,11 = 3.98, P = 0.07). Assigning data to 1 of 2 time periods was superior to regressing them on abundance with respect to both explanatory value and adherence to model assumptions. Both models were biologically plausible.
DISCUSSION
Features of Scent-Station Data
Stations, lines, and surveys are the 3 experimental units used most frequently in analyses of scent-station data. The use of stations is motivated by the availability of convenient methods for analyzing binary data, a desire to retain the appearance of a large sample size, or a shortage of experimental units when stations are grouped. Suspected correlations between closely spaced stations motivate the use of lines (e.g., Roughton and Sweeny 1982) . In a few instances (e.g., Diefenbach et al. 1994 , this study), the issue of independence has been avoided by treating the overall visitation rate for each survey occasion as a datum.
Effective tests for spatial dependence require large datasets, especially when visitation rates are low. We have not encountered such tests in the scent-station literature. Our analysis of data collected in Minnesota revealed spatial correlations between stations that extended to approximately 2,000 m. Effects of station spacing were especially strong for mobile habitat generalists that defend territories to varying degrees (wolves, coyotes, red foxes, bobcats), and 
